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Abstract 
The solubility of cellulose in common solvents are very low. In order to overcome this problem, synthesis of nitrile-
functionalized azepanium ionic liquids such as 1-butyl-1-(2-cyano-ethyl)-azepanium bromide, 1-butyl-1-(2-cyano-ethyl)-
azepanium trifluoromethane sulfonate and 1-butyl-1-(2-cyano-ethyl)-azepanium trifluoro acetate were performed to test their 
cellulose solubilizing potential. 1H NMR, 13C NMR and CHN elemental analysis were used to characterize the synthesized ionic 
liquids. Thermo gravimetric analysis (TGA) and Differential Scanning Calorimetry(DSC) were used to determine the thermal 
properties of the ionic liquids.  The ionic liquids were used for the dissolution of cellulose. Azepanium based nitrile-
functionalized ionic liquids were able to dissolve up to 2 wt % of cellulose at 120 ºC in 48 hours. Thermal decomposition 
temperature and surface morphology of the cellulose was measured before and after the dissolution studies.The FTIR results 
showed that azepanium based ionic liquids are dissolving cellulose without any functionalization. 
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1. Introduction 
The heavy use of non-renewable resources such as crude oil and coal forced the scientific community to develop 
technologies to utilize the natural polymers, especially cellulose. Cellulose can be considered as the most abundant 
organic material in the nature[1]. In addition, they also possess very attractive mechanical properties. Cellulose and 
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its derivatives also found application in a wide range of industries such as paper products, pharmaceuticals, 
cosmetics etc[2,3,4]. The  cellulose contains in the plant material (40-50 %)  can be considered as an unlimited 
source of bioenergy. Now days, more attention is devoted to the development of technologies for the production of 
environmental friendly products and fuels from cellulose [5,6]. 
The cellulose consist of large number of inter and intra molecular hydrogen bond network. Because of the 
presence of this large number of intra and inter molecular H-bond network, cellulose is not soluble in water and 
other common organic solvents. Some solvent system were used for the cellulose dissolution. However,  they have  
disadvantages such as high cost, toxicity, volatility etc[1]. For instance, the amine oxide used in the lyocell process 
is unstable and required high investment in the safety technology. The current technologies to obtain the cellulose 
from biomass and its processing are not environment friendly and energy extensive. Hence, developing technologies 
to obtain cellulose and its processing to overcome the drawbacks of traditional methods is necessary. In early 2000, 
Rogers et al. reported the dissolution of high concentration (25 wt%) of cellulose in ionic liquids (1-butyl-3-
methylimidazolium chloride) using micro wave heating [7]. This cellulose dissolution without the derivatization 
leads to the development of a new cellulose dissolving solvent system, ionic liquids (ILs) and extensive research was 
performed to develop new ILs for the dissolution of cellulose[8-10]. Ionic liquids (ILs) can be defined as organic 
salts consisting entirely of ions [11-14]. Because of the presence of a large number of cations and anions, 
preparations of large variety of ILs are possible[15]. The properties of ILs can be planned according to the 
requirement of the application. Hence, ILs are also known as designer solvents. ILs can be applied  in several fields 
because of their special properties like low volatility, wide electrochemical window, wide liquids range, etc [16-21]. 
The properties of ILs can be improved/ modified by the incorporation of a specific functional group. The functional 
group can be tethered to the cation, anion or to both. These classes of ILs are known as functionalized ILs[22]. 
Among the functionalized ILs, nitrile-functionalized ILs have a special place because of their higher thermal 
stability and ability to dissolve high concentration of metal salts[23]. Nitrile-functionalized ILs with five and six 
membered cyclic cations (imidazolium, pyridinium, pyrrolidinium) were used for various applications. However, 
nitrile-functionalized ILs with seven membered nonaromatic ring structures is not yet reported. In this work, the 
nitrile functionalized ILs containing seven membered cyclic cations (Azepane) with anions such as methylsulphate 
and trifluoroacetate were synthesized for the dissolution of cellulose. The azepanium cation was used because of it is 
a cheaply available material. Moreover, there are only a few reports regarding the synthesis and application of 
azepanium based ILs. 
2. Experimental 
The starting materials and reagents were purchased from Acros Organics. All the materials were used without any 
purification. Carbon, hydrogen and nitrogen content of the ionic liquids were measured using elemental analyzer 
(EA-1110). 1H and 13C NMR spectra were recorded on a Bruker Avance 500 spectrometer. The thermal stability  
was measured using  Perkin-Elmer, Pyris V-3.81. The samples were heated in an inert atmosphere (under nitrogen 
gas)  from 50 ºC to 750 ºC at a heating rate of 10 °C·min−1. The uncertainty of the measurement is ± 1 ºC. Melting 
point and glass transition temperature was measured using DSC; PerkinElmer, model Pyris1. 
2.1. Synthesis of Ionic Liquids 
2.1.1. Synthesis of 3-Azepan-1-yl-propionitrile 
Azepane (2 gm, 20.16 mmol) was added to a solution of acrylonitrile in a round bottom flask stirred at 25 ºC and 
stirred for 24 hours using a mechanical stirrer (500 rpm). The reaction mixture was allowed to cool down and poured 
into ice cold water. The organic phase was extracted using dichloromethane (3 x 10 mL). 3-Azepan-1-yl-
propionitrile was obtained as a pale yellow liquid after the evaporation of the organic phase using a rotary 
evaporator. Yield = 2.7 gm (88 %). 1H NMR (DMSO (d6): δ: 1.21 (m, 4H), 1.40 (m, 4H), 2.41 (m, 4H), 2.55 (t, 2H), 
2.80 (t, 2H). 13C NMR (DMSO (d6): δ: 17.2, 26.4, 29.6, 49.4, 117.2. CHN elemental analysis: Calculated: C; 71.01, 
H; 10.59, N; 18.40. Experimental: C; 69.98, H; 10.66, N; 18.34. 
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2.1.2. Synthesis of 1-Butyl-1-(2-cyano-ethyl)-azepanium bromide [C4CNAzp][Br] 
3-Azepan-1-yl-propionitrile (3 gm, 19.70 mmol) was added to 1-Bromobutane (3.24 gm, 23.64 mmol) in 
acetonitrile (15 mL) and stirred at 55 ºC for 48 hours. The product was further dried in vacuum oven at 50 ºC for 24 
hours. Yield = 3.5 gm (61%).  
2.1.3. 1-butyl-1-(2-cyano-ethyl)azepanium tirfluoroacetate [C4CNAzp][TFA] 
To a solution of [C4CNAzp][Br] (5 g, 17.27 mmol) in dichloromethane ( 25 mL), sodium trifuoroacetate (2.58 g, 
19.0 mmol) was added and stirred at room temperature for 24 hours. The precipitate formed was filtered off and the 
organic phase was washed several times with ice cold water. The dichloromethane was removed using rotary 
evaporator and the product obtained was further dried in vacuum oven at 50 ºC for 24 hours. The [C4CNAzp][TFA] 
obtained as a pale yellow solid. Yield= 5 gm (89 %).  
2.1.4. 1-butyl-1-(2-cyano-ethyl)azepanium trifluoromethanesufonate [C4CNAzp][OTf] 
[C4CNAzp][CF3SO3] was synthesized by the same procedure described for [C4CNAzp][TFA] using [C4CNAzp][Br] 
(6 g, 20.74 mmol) and potassium methanesulfonate (4.29 gm, 22.81 mmol). Yield= 5 gm (67 %). 
2.2. Biomass Dissolution Experiment 
A suspension of cellulose (1 wt %, 2 wt %, 3 wt % in 1 gm of ILs was prepared in 30 mL dried flask equipped 
with a mechanical stirrer. The ILs was pre heated to 120 ºC before the addition of the cellulose. The temperature of 
the cellulose dissolution experiment was controlled using an oil bath. The solubility of cellulose in ILs was checked 
visually. The lowest time taken for the complete dissolution cellulose is recorded. After the complete dissolution of 
cellulose, acetone was added to the flask and the precipitated cellulose was filtered. The cellulose was washed with 
water to remove any trace of ILs. The cellulose was dried in an oven at 120 ºC before the characterization. 
2.3. Characterization of ionic liquids 
Characterization 
Technique 
3-Azepan-1-yl-
propionitrile 
[C4CNAzp][Br] [C4CNAzp][TFA] [C4CNAzp][OTf] 
1H NMR (DMSO (d6): δ = 
0.90 (t, 3H), 1.35 
(m, 2H), 1.78 (m, 
6H), 1.22(m, 4H), , 
3.10( m, 6H), 3.28 
(m, 2H), 3.58 (m, 
2H) 
(DMSO (d6): δ = 
0.90 (t, 3H), 1.35 (m, 
2H), 1.78 (m, 6H), 
1.22(m, 4H), , 3.10( 
m, 6H), 3.28 (m, 
2H), 3.58 (m, 2H).  
(DMSO (d6): δ = 
0.90 (t, 3H), 1.35 (m, 
2H), 1.78 (m, 6H), 
1.22(m, 4H), , 3.10( 
m, 6H), 3.28 (m, 
2H), 3.58 (m, 2H).  
 
(DMSO (d6): δ = 
0.90 (t, 3H), 1.35 
(m, 2H), 1.78 (m, 
6H), 1.22(m, 4H), 
3.10( m, 6H), 3.28 
(m, 2H), 3.58 (m, 
2H). 
13C NMR  (DMSO (d6): 12.4, 
19.6, 21.9, 23.2, 
26.4, 28. 1, 56.0, 60. 
1, 62.3, 117.7. 
128.3(q), 178.6. 
DMSO (d6): 12.8, 
19.2, 21.1, 24.2, 
26.2, 28. 5,  56.2, 
60. 9, 63.2, 117.2. 
DMSO (d6): 12.4, 
19.6, 21.9, 23.2, 
26.4, 28. 1, 56.0, 60. 
1, 62.3, 117.7. 
128.3(q), 178.6. 
(DMSO (d6): 12.4, 
19.6, 21.9, 23.2, 
26.4, 28.1, 56.0, 60. 
1, 62.3, 117.7. 
125.3(q). 
CHN elemental 
analysis 
Calculated: C; 55.89, 
H; 7.82, N; 8.69. 
Experimental: C; 
55.84, H; 7.89, N; 
8.78. 
Calculated: C; 53.98, 
H; 8.71, N; 9.68. 
Experimental: C; 
54.14, H; 8.89, N; 
9.61. 
Calculated: C; 
55.89,  H; 7.82, N; 
8.69.Experimental: 
C; 55.84, H; 7.89, N; 
8.78. 
Calculated: C; 46.91, 
H; 7.03, N; 7.82. 
Experimental: C; 
46.85, H; 7.09, N; 
7.86. 
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3. Results and Discussions 
The schematic representation of the synthesis of nitrile-functionalized azepanium ILs is given in Figure 1. 
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Fig. 1. Synthesis of Nitrile-functionalized azepanium ILs 
The synthesis process involved three steps. 3-Azepan-1-yl-propionitrile was prepared in the first step followed by 
its quarternization reaction with 1-bromobutane to produce 1-Butyl-1-(2-cyano-ethyl)-azepanium bromide. In the 
final step, the methyl sulphate and trifluoroacetate anions were introduced by the anion exchange reaction of 
bromide salt with the Na/K salt of methyl sulphate and trifluoro acetate. The characterization using 1H NMR, 13 C 
NMR and CHN elemental analysis confirm the structure of the ILs. The thermal properties of the ILs were studied 
using thermo gravimetric analysis and differential scanning calorimetry. The thermal decomposition temperature, 
melting point and of the ILs are given in Table 1. [C4CNAzp][OTf] showed the highest thermal stability (332 º C) 
followed by [C4CNAzp][TFA]. The bromide salt is thermally stable up to 216 ºC. The highest melting point was 
observed for [C4CNAzp][Br] ILs and tifluoroacetate anion ILs showed the lowest melting point (80 ºC). 
[C4CNAzp][OTf] has a melting point of 104 ºC. [C4CNAzp][TFA] and [C4CNAzp][OTf] showed glass transition 
temperature of     -60 ºC and -10 ºC respectively. No glass transition temperature was observed for ILs with bromide 
anion. 
 
Table 1. Thermal decomposition temperature (Td), Melting point (Tm) and glass transition (Tg) temperature of ILs. 
ILs Td 
(ºC) 
Tm 
(ºC) 
Tg 
(ºC) 
[C4CNAzp][Br] 216 220 nd 
[C4CNAzp][TFA] 176 80 -60 
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[C4CNAzp][OTf] 332 104 -10 
 
The cellulose dissolution experiment was performed according to the procedure describe in section 2.1.   
[C4CNAzp][Br] was not used for the cellulose dissolution experiment because of its high melting point. After the 
dissolution experiment, the acetone was added and the cellulose precipitated was collected by filtration using filter 
paper. The cellulose was washed with water to remove the traces of ILs and dried in oven at 120 ºC for 24 hours. 
[C4CNAzp][TFA] ILs able to dissolve 2 wt % of cellulose in 36 hours and [C4CNAzp][OTf] dissolved 1 wt % of 
cellulose in 40 hours. This difference in the dissolution ability is attributed to the difference in the H-bond basicity of 
the two anions. The cellulose dissolution capability of ILs depends on the H-bond basicity (β) of the anion. The H-
bond basicity of [TFA] – (0.84) anion is higher than [OTf] – (0.48), which leads to decrease in the cellulose 
dissolution efficiency.[24] The thermal stability of  cellulose before and after the dissolution was studied using TGA 
and the results are shown in Figure 2.  
 
 
 
 
 
 
 
 
Fig. 2. TGA profile of the cellulose before and after the dissolution experiment 
The pure cellulose showed a thermal stability up to 300 º C, while the cellulose after the dissolution started to 
decompose around 220 ºC. The lowering of the thermal stability might be due to the decrease in crystallinity of the 
cellulose. The mechanism of the cellulose dissolution using ILs is believed to be the interaction of the anion of the 
ILs with the H-bonding network in cellulose, which leads to the breaking of the strong H-bonding in cellulose, and 
finally decreasing the crystallinity of the cellulose. The treated cellulose contains more residues after the thermal 
decomposition studies. It can be attributed to the dissolution of mineral into the ILs, which leads to the formation of 
more ash. The morphology of the cellulose is studied using Scanning electron microscope (SEM) before and after 
the treatment with the ILs and the images are shown in Figure 3. 
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Fig. 3. SEM images: a)Untreated cellulose , b)treated with [C4CnAzP][OTf], c) treated with [C4CNAzp][TFA] 
Untreated cellulose contains big flocks and the pretreated cellulose with the two ILs contains very small flocks, 
which might be due to the lowering of molecular weight after the dissolution. The FTIR spectrum of the cellulose is 
recorded before and after the dissolution experiments and is shown in Figure 4.  
 
 
 
 
 
 
 
 
Fig. 4. FTIR spectrum of cellulose before and after the dissolution experiment 
The FTIR spectrum of the cellulose is similar before and after the dissolution studies, which indicate that there is 
no denaturing occurred during the cellulose dissolution experiments. Hence, azepanium based ILs can be considered 
as a non- denaturing solvent for the cellulose dissolution. 
4. Conclusion 
Syntheses of three nitrile-functionalized azepanium ILs were reported. The thermal behavior of the synthesized 
ILs was measured. The ILs with trifluoro acetate anion and methysulphate anion were used for the dissolution of 
cellulose. The ILs were able to dissolve up to 2 wt % of cellulose at 120 ºC in 48 hours. The FTIR spectrum of the 
cellulose before and after the dissolution experiments showed that there is no denaturation of cellulose was occurred 
during the dissolution. The potential of microwave heating and ultra sound will be studied in order to increase the 
dissolution ability of the prepared ILs. 
a b c 
100 μm 100μm 100μm  
1000 1500 2000 2500 3000 3500
10
20
30
40
50
60
70
80
90
100
 
 
%
 (T
ra
ns
m
ita
nc
e)
Wavenumber( cm -1)
 Pure cellulose
  Cellulose Treated with ILs
391 Kallidanthiyil Chellappan Lethesh et al. /  Procedia Engineering  148 ( 2016 )  385 – 391 
Acknowledgements 
We acknowledge the financial support from Univeriti Teknologi PETRONAS through the STIRF project (No. 
0153AA-C31) 
 
References 
[1] Wang, H.; Gurau, G.; Rogers, R. D.: Ionic liquid processing of cellulose. Chem. Soc. Rev. 2012, 41, 1519-1537. 
[2] Fischer, S.; Thümmler, K.; Volkert, B.; Hettrich, K.; Schmidt, I.; Fischer, K.: Properties and applications of cellulose acetate. In 
Macromolecular Symposia; Wiley Online Library, 2008; Vol. 262; pp 89-96. 
[3] Kamel, S.; Ali, N.; Jahangir, K.; Shah, S.; El-Gendy, A.: Pharmaceutical significance of cellulose: a review. Express Polym Lett 2008, 
2, 758-778. 
[4] Bajpai, P.: Application of enzymes in the pulp and paper industry. Biotechnol. Progr. 1999, 15, 147-157. 
[5] Lynd, L. R.; Cushman, J. H.; Nichols, R. J.; Wyman, C. E.: Fuel ethanol from cellulosic biomass. Science(Washington) 1991, 251, 
1318-1323. 
[6] Lynd, L. R.: Overview and evaluation of fuel ethanol from cellulosic biomass: technology, economics, the environment, and policy. 
Annu. Rev. Energy Env. 1996, 21, 403-465. 
[7] Swatloski, R. P.; Spear, S. K.; Holbrey, J. D.; Rogers, R. D.: Dissolution of cellose with ionic liquids. J. Am. Chem. Soc. 2002, 124, 
4974-4975. 
[8] Abe, M.; Kuroda, K.; Ohno, H.: Maintenance-free cellulose solvents based on onium hydroxides. ACS Sustainable Chemistry & 
Engineering 2015, 3, 1771-1776. 
[9] Fukaya, Y.; Hayashi, K.; Wada, M.; Ohno, H.: Cellulose dissolution with polar ionic liquids under mild conditions: required factors 
for anions. Green Chemistry 2008, 10, 44-46. 
[10] Ohno, H.; Fukaya, Y.: Task specific ionic liquids for cellulose technology. Chem. Lett. 2009, 38, 2-7. 
[11] Welton, T.: Room-temperature ionic liquids. Solvents for synthesis and catalysis. Chem. Rev. 1999, 99, 2071-2084. 
[12] Lethesh, K. C.; Parmentier, D.; Dehaen, W.; Binnemans, K.: Phenolate platform for anion exchange in ionic liquids. RSC Advances 
2012, 2, 11936-11943. 
[13] Lethesh, K. C.; Shah, S. N.; Mutalib, M. A.: Synthesis, characterization, physical and thermodynamic properties of diazobicyclo 
undecene based dicyanamide ionic liquids. J. Mol. Liq. 2015, 208, 253-258. 
[14] Shah, S. N.; Lethesh, K. C.; Mutalib, M. A.; Pilus, R. B. M.: Evaluation of Thermophysical Properties of Imidazolium-Based 
Phenolate Ionic Liquids. Industrial & Engineering Chemistry Research 2015, 54, 3697-3705. 
[15] Seddon, K. R.; Stark, A.; Torres, M.-J.: Viscosity and density of 1-alkyl-3-methylimidazolium ionic liquids. In ACS Symp. Ser.; ACS 
Publications, 2002; Vol. 819; pp 34-49. 
[16] Freemantle, M.; LONDON, C.: Ionic liquids in organic synthesis. Chem. Eng. News 2004, 82, 44-49. 
[17] Lethesh, K. C.; Hasnan, B.; Hidayah, N.; Mutalib, M. I. A.: Extractive desulphurization of model oil using sulphonium based ionic 
liquids. In Applied Mechanics and Materials; Trans Tech Publ, 2014; Vol. 625; pp 205-208. 
[18] Nasir Shah, S.; Mutalib, M. I. A.; Pilus, R. B. M.; Lethesh, K. C.: Extraction of Naphthenic Acid from Highly Acidic Oil Using 
Hydroxide-Based Ionic Liquids. Energy & Fuels 2014, 29, 106-111. 
[19] Shah, S. N.; Lethesh, K. C.; Abdul Mutalib, M.; Pilus, M.; Binti, R.: Extraction and Recovery of Naphthenic Acid from Acidic Oil 
Using Supported Ionic Liquid Phases (SILPs). Chemical Product and Process Modeling. 
[20] Shah, S. N.; Chellappan, L. K.; Gonfa, G.; Mutalib, M. I. A.; Pilus, R. B. M.; Bustam, M. A.: Extraction of naphthenic acid from 
highly acidic oil using phenolate based ionic liquids. Chem. Eng. J. 2016, 284, 487-493. 
[21] Buzzeo, M. C.; Evans, R. G.; Compton, R. G.: NonǦ haloaluminate roomǦ temperature ionic liquids in electrochemistryˁA review. 
ChemPhysChem 2004, 5, 1106-1120. 
[22] Lethesh, K. C.; Van Hecke, K.; Van Meervelt, L.; Nockemann, P.; Kirchner, B.; Zahn, S.; Parac-Vogt, T. N.; Dehaen, W.; Binnemans, 
K.: Nitrile-functionalized pyridinium, pyrrolidinium, and piperidinium ionic liquids. The Journal of Physical Chemistry B 2011, 115, 
8424-8438. 
[23] Fei, Z.; Zhao, D.; Pieraccini, D.; Ang, W. H.; Geldbach, T. J.; Scopelliti, R.; Chiappe, C.; Dyson, P. J.: Development of nitrile-
functionalized ionic liquids for cc coupling reactions: Implication of carbene and nanoparticle catalysts. Organometallics 2007, 26, 
1588-1598. 
[24] Cláudio, A. F. M.; Swift, L.; Hallett, J. P.; Welton, T.; Coutinho, J. A.; Freire, M. G.: Extended scale for the hydrogen-bond basicity 
of ionic liquids. PCCP 2014, 16, 6593-6601. 
 
 
